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Sustainable yield index (SYJI), nitrogen in dry aboveground mass yield and amount of fixed nitrogen of birdsfoot trefoil, 
sainfoin and subterranean clover pure grown and in mixtures with tall fescue in the next ratios: birdsfoot trefoil + tall 
fescue (50:50), sainfoin + tall fescue (50:50), subterranean clover + tall fescue (50:50), birdsfoot trefoil + subterranean 
clover + tall fescue (33:33:33), sainfoin + subterranean clover + tall fescue (33:33:33) were studied. Pot trial was carried 
out in the Institute of Forage Crops, Pleven, Bulgaria during 2011-2012. SYI in pure grown birdsfoot trefoil (0.767), 
sainfoin (0.720) and subterranean clover (0.666) was calculated. Sustainable yield index (SYT) in mixtures was found be 
higher - from 9.6% (sainfoin+tall fescue) to 18.2% (subterranean clover + tall fescue). Birdsfoot trefoil accumulated the 
highest amount of fixed nitrogen in dry aboveground biomass (8102 mg N/kg DM), followed by subterranean clover (6730 
mg N/kg DM) and sainfoin (5598 mg N/kg DM). On averaged from mixtures studied nitrogen in dry aboveground biomass 
(7540 mg N/kg DM) was found be higher by 10.7% as compared to pure grown crops (6810 mg N/kg DM). Amount of 
fixed nitrogen obtained from mixtures (95.64 mg/kg DM) was by 15.2% higher as compared to pure grown forage 
legumes (81.79 mg/kg DM). Parameters as sustainable yield index, nitrogen in dry aboveground biomass, amount of fixed 


nitrogen were found be higher in mixtures. 


Keywords: Sustainable yield index (SYD), nitrogen in dry aboveground mass yield, fixed nitrogen. 





INTRODUCTION 


Mixed crops between legumes and grasses have an essential 
role in building a system of sustainable and ecologically 
friendly farming (Mihovski and Sabeva, 2011; Luscher et 
al., 2014; Kusvuran et al., 2014). They are more effective 
than pure grown in using environmental resources, more 
productive of dry mass and long-term (Porqueddu et al., 
2003; Mahapatra, 2011). Legume component because of the 
ability to use the process symbiotic nitrogen fixation 
contributes to increase the nitrogen content in the mixture 
and nitrogen from biological nitrogen fixation is used 
directly by plants (Peeters et al., 2006; Graham, 2008). The 
use of the nutrients is very important for enhancing yield of 
crops (Khan ef al., 2015; Asad et al., 2014). Sustainability 
of the yield, the content and amount of fixed nitrogen and 
other morphological or physiological parameters has been 
changed under coexistence of species in the mixtures. The 
nutrients 

Birdsfoot trefoil, sainfoin, tall fescue are traditional pasture 
forage crops, the use of which in the pastures of temperate 
countries is known practice (Vuckovi¢é, 2004). Their mixed 
growing creates the potential for obtaining of forage with 
high energy and protein nutritive value (Demdoum ef al., 
2010; Chourkova, 2010, 2014; Naydenova et al., 2013). 
Climate changes imposed new requirements to forage crops 
and mixtures namely adoption to the changed conditions, 
compatibility between components and efficient use of the 
recourses (Leliévre and Volaire, 2009). Towards drought 
resistant components or drought tolerant ones should be 
involved in the mixtures. For the practice crops with self- 
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seeding ability, which could present long time in the swards 
are of big importance (Carneiro, 1999). 

Subterranean clover (Trifolium subterraneum L.) is an 
annual dry resistant ephemeral species with winter-spring 
type of development (Piano et al., 1996). As nitrogen fixing 
crop it is widespread component in pastures of temperate 
areas of middle and northern Europe, and America (Nichols 
et al., 2012). Studies with subterranean clover during last 
years as a component of pasture mixtures showed that this 
crop is suitable for the climatic conditions of Bulgaria and 
got a number of advantages over white clover (Vasilev, 
2006; Mihovski and Goranova, 2007; Vasileva et al., 2011; 
Tlieva and Vasileva, 2011; Ilieva et al., 2015; Naydenova 
and Vasileva, 2015). Good winter resistance, an effective 
use of autumn-winter soil moisture, successful seed 
formation and self-seeding in late spring allowed to 
subterranean clover avoid the summer drought (Porqueddu 
et al., 2003). 

The aim of this work was to study the sustainable yield 
index (SYJ), nitrogen in dry aboveground mass yield and 
amount of fixed nitrogen in mixtures of birdsfoot trefoil, 
sainfoin and subterranean clover with tall fescue in different 
ratios. 


MATERIALS AND METHODS 


The trial was carried out in the greenhouse in the Institute of 
Forage Crops, Pleven, Bulgaria (2011 - 2012) under semi 
controlled conditions. Birdsfoot trefoil (Lotus corniculatus 
L.) ev. “Targovishte 1”; sainfoin (Onobrychis Adans.) local 
population; subterranean clover (Trifolium subterraneum 
ssp. brachycalicinum) cv. “Antas” and tall fescue (Festuca 
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arundinacea Schreb.) cv. “Albena” were used. Crops were 
grown pure (100%) and in mixtures in the next ratios: 
birdsfoot trefoil + tall fescue (50:50), sainfoin + tall fescue 
(50:50), subterranean clover+tall fescue (50: 50), birdsfoot 
trefoil + subterranean clover + tall fescue (33:33:33), 
sainfoin + subterranean clover + tall fescue (33:33:33). 
Plastic pots with capacity of 6 1 were used, filled with soil 
(leached chernozem subtype) at four replications of the 
treatments. The sowing was made on the depth of 1-1.5 cm 
for birdsfoot trefoil and subterranean clover, 3 cm for 
sainfoin, and 0.5-1 cm for tall fescue. 

Two cuts for forage were harvested and productivity of dry 
aboveground biomass (mg/pot), (dried at 60°C) was 
recorded. Root biomass of the plants was washed with tap 
water and dry root biomass was recorded (mg/pot), (dried at 
60°C). Sustainable yield index for plant biomass was 
calculated using the formulae of Singh et al. (1990): 

SYI (Sustainable yield index) = (Ym-Sd)/Ymax, 

where: Ym - mean yield; Sd - standard deviation; Ymax - 
the maximum yield. 

The SYI was calculated for dry aboveground biomass, dry 
root biomass and total productivity (dry aboveground 
biomass + dry root biomass). Nitrogen in yield of dry 
aboveground biomass (productivity of dry aboveground 
biomass multiplied by the percentage of nitrogen), 
expressed in N, mg/kg dry aboveground biomass was 
calculated. Previously total nitrogen content by Kjeldahl (as 
percentage of absolute dry matter) in aboveground biomass 
(AOAC, 1990) was quantified using dry plant material 
(aboveground biomass). Plant available nitrogen (PAN) was 
estimated using the equations of Sullivan and Andrews 


(2012): 

PAN (Plant Available Nitrogen) (mg N/kg DM) = Total N 
(mg N/kg DM) x 0.4. 

A formula of Carlsson and Huss-Danell (2003) was used for 
roughly estimation of fixed amount of nitrogen (mg/kg 
DM). Data were averaged and statistically processed using 
SPSS (2012). 


RESULTS AND DISCUSSION 


Data from our study showed that sustainable yield index for 
dry aboveground and dry root biomass in pure grown crops 
was the highest in birdsfoot trefoil (0.895 and 0.673), 
followed by sainfoin (0.632 and 0.444) and the lowest was 
in subterranean clover (0.070 and 0.045) (Table 1). Nyfeler 
et al. (2006) found higher the productivity of dry biomass in 
grass- legume mixtures as compared to pure cultivation due 
to more efficient use of natural resources, stimulating 
legumes to fix more nitrogen and uptake from grasses after 
its transfer. Each species in grass-legumes mixtures 
contribute in varying degrees to increase the productivity of 
dry mass (Vasilev et al, 2005; Vasileva and Vasilev, 2012). 
Sustainable yield index for dry aboveground biomass and 
dry root biomass in all tested mixtures was higher than that 
of pure grown crops. For birdsfoot’s mixtures the exceeding 
was about 20%. For the sainfoin’s mixtures sustainable 
yield index for dry aboveground biomass was by 28.9% for 
the mixtures with tall fescue (two component mixtures) and 
by 33.8% for the mixture with subterranean clover and tall 
fescue (three component mixtures) higher as compared to 
pure sainfoin. 


Table 1: Sustainable yield index (SYI) of birdsfoot trefoil, sainfoin and subterranean clover, grown pure and in 











mixtures 
Treatments Sustainable yield index for 

dry aboveground _ ‘to pure dry root to pure total plant to pure 

biomass biomass biomass 

BT (100%) 0.895 - 0.673 - 0.767 - 
BT+TF (50:50) 1.070 +19.6 0.827 +22.8 0.858 +11.9 
BT+Subcl+TF(33:33:33) 1.089 +21.7 0.852 +26.6 0.888 +15.8 
Sainfoin (100%) 0.632 7 0.444 7 0.720 7 
S+TF (50:50) 0.814 +28.9 0.523 +17.7 0.789 +9.6 
S+Subcl+TF (33:33:33) 0.845 +33.8 0.562 +26.5 0.834 +15.8 
Subclover (100%) 0.070 = 0.045 7 0.666 - 
Subcl+TF (50:50) 0.081 +52 0.053 +18.0 0.787 +18.2 
+SD 0.404 0.311 0.073 
Max 1.089 0.852 0.888 
Min 0.070 0.045 0.666 
SE (P=0.05) 0.142 0.109 0.002 





BT - Birdsfoot trefoil, TF - tall fescue, Subcl - subclover, S - sainfoin 


With regard to the sustainable yield index for dry root 
biomass the differences were significantly larger for the two 
types of mixtures. Thus, in two component mixtures 
sustainable yield index was by 17.7 % and that of three 
component mixtures - by 26.5% higher than the sustainable 
yield index for pure grown sainfoin. A large amount of root 
biomass in mixtures increased the possibility for taking of 


immobile nutrients which contributed the better plant 
development as Datta et al. (2011) considered. 

In terms of the sustainable yield index for total plant 
biomass in pure grown crops it was found be highest in 
birdsfoot trefoil (0.767), followed by sainfoin (0.720) and 
subterranean clover (0666). In mixtures this index was 
higher - from 9.6% (sainfoin + tall fescue) to 18.2% 
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(subterranean clover + tall fescue). The higher sustainable 
yield index in mixtures could be explained by the higher 
nitrogen use efficiency. The components included in the 
mixtures tested have different type of nitrogen metabolism. 
Nitrogen accumulated in tall fescue is the result solely of 
nitrate nitrogen assimilation through the roots due to the 
activity of nitrate reductase and nitrogen use efficiency was 
lower. In birdsfoot trefoil, sainfoin and subterranean clover 
nitrogen fixation process was included. Upon successful 
competition among the components for available nitrogen in 
mixtures the efficiency of use of nitrogen is higher which 





affects productivity and _ sustainability of mixture. 
Sustainable yield index depends on the portion and 
compatibility of the components in the mixture. The lower 
values of the parameters for subterranean clover are related 
to the morphology of this species. 

Fig. | presents nitrogen content in the dry aboveground 
biomass. Legume components with nitrogen fixing ability 
increased nitrogen content in mixtures. Exceeding in all the 
mixtures were approximately 50% as compared to pure 
crops. The exception was the mixture of sainfoin with tall 
fescue (by 28.2%). 
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BT - Birdsfoot trefoil, TF - tall fescue, Subcl - subclover, S - sainfoin 


Figure 1: Nitrogen content (in% abs. dry matter) 
SE (P=0.05) 0.099, +SD 0.243, in brackets - %, exceeding to tall fescue pure grown 


When calculating the amount of nitrogen in dry 
aboveground biomass yield it is evident that in pure 
crops it was the highest in birdsfoot trefoil (8102 mg 
N/kg DM), followed by subterranean clover (6730 mg 
N/kg DM) and sainfoin (5598 mg N/kg DM) (Figure 2). 
In mixtures of sainfoin with tall fescue nitrogen content 
in the yield was by 13.8% higher than in pure crops, 
and significant more, by 22.8%, in the three 
components mixtures of subterranean clover and tall 
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fescue. For the mixtures of subterranean clover with tall 
fescue the increase was by 28.7%, respectively. There 
are no proven differences for the birdsfoot trefoil’s 
mixtures. 

Averaged amount of nitrogen in dry aboveground 
biomass yield (7540 mg N/kg DM) obtained from all 
mixtures tested was by 10.7% more than in the pure 
crops (6810 mg N/kg DM 
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BT - Birdsfoot trefoil, TF - tall fescue, Subcl - subclover, S - sainfoin 
Figure 2: Nitrogen in dry shoot mass yield and Plant Available Nitrogen (PAN) 
(SE (P=0.05) 365, +SD 1033) 


A similar tendency was found for the plant available 
nitrogen. Based on the conservative estimate (0.4 = 
40% nitrogen release) the contribution of legumes is 
about 40% of the nitrogen in the biomass (Sullivan and 
Andrews, 2012). 


The data for the amount of fixed nitrogen calculated on 


a formula of Carlsson and Huss-Danell (2003) for 
rough estimation showed that in pure crops that amount 
ranged from 73.89 mg/kg DM (sainfoin) to 89.53 
mg/kg DM (subterranean clover) (Figure 3). 
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BT - Birdsfoot trefoil, TF - tall fescue, Subcl - subclover, S - sainfoin 
Figure 3: Fixed amount of nitrogen (by Carlsson and Huss-Danell, 2003) 
SE (P=0.05) 4.04, +SD 11.44 


The potential for nitrogen fixation in grass-legume 
mixtures is bigger as compared to pure grown legume; 
in addition, legumes are less competitive with grasses 
for soil nitrogen (Hggh-Jensen and Schjgrring, 1994; 
Carlsson and Huss-Danell, 2003; Nyfeler et al., 2005). 


Between legume and grass components in the mixture 
has a dynamic relationship in which ingestion of soil 
nitrogen from grasses reduces its suppressing effect on 
nitrogen fixation. As a result of the accumulation of soil 
nitrogen by biological nitrogen fixation, grass 
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component dominates and nitrogen fixation decreases 
(Ledgard and Steel, 1992). Competition for soil 
nitrogen in mixtures can have a beneficial effect on the 
nitrogen-fixing process and accumulating more 
nitrogen in the grass component. Upon successful 
competition between species in a mixture, nitrogen is 
used efficiently and favors nitrogen fixation, which 
confirms the importance of the choice the appropriate 
components. 

Significantly more fixed nitrogen amount was obtained 
from mixtures. Thus, for the mixtures of birdsfoot 
trefoil the exceeding was by over 20%, and for the 
mixtures of sainfoin with tall fescue with only 7%. This 
is related to the overall weaker development of 
sainfoin. Hume (1985) and Hardarson and Atkins 
(2003) considered that the main factor for the formation 
of plant biomass in sainfoin is nitrogen from the soil 
and from nitrogen fixation, feature, however, is the 
fixing of relatively small quantities of nitrogen from the 
atmosphere. It is found in conducting studies with 
different methods - isotopic method 15N (Provorov and 
Tikhonovich, 2003; Campillo et al., 2005; Prosser et 
al., 2006), as well as the method of reference crop 
(Carlsson and Huss-Danell, 2003; Hardason and Atkins, 
2003). Compared to other legumes (white and red 
clover, and alfalfa) authors measured lower amounts of 
fixed nitrogen. As a possible reason they point to the 
fact that sainfoin needs twice larger amount of CO2 for 
1 mol Nz compared to other legumes included in the 
study. In addition, sainfoin has less ability to absorb 
carbon, as well has smaller leaf surface (Hume et al., 
1985; Shakirov et al., 2010). 

The results for the amount of fixed nitrogen in mixture 
of sainfoin with tall fescue are in line with those of 
Tlieva et al. (2015) for the physiological status of the 
plants expressed with a total content of plastid pigments 
in this mixture. In a third component, however 
(subterranean clover), when the legume: grass ratio was 
bigger; the excess in the amount of fixed nitrogen to 
pure sainfoin was significantly (26.3%). 

The amount of fixed nitrogen from the mixture of 
subterranean clover with tall fescue was by 19.2% more 
than the pure subterranean clover. The amount of fixed 
nitrogen obtained from mixtures (95.64 mg/kg DM) 
was by 15.2% higher as compared to pure grown forage 
legumes (81.79 mg/kg DM). 

Conclusions: Sustainable yield index (SYI) in pure 
grown birdsfoot trefoil (0.767), sainfoin (0.720) and 
subterranean clover (0.666) was calculated. In mixtures 
with tall fescue sustainable yield index (SYT) was found 
be higher - from 9.6% (sainfoin + tall fescue) to 18.2% 
(subterranean clover + tall fescue). Birdsfoot trefoil 
accumulated the highest amount of fixed nitrogen in dry 
aboveground biomass (8102 mg N/kg DM), followed 
by subterranean clover (6730 mg N/kg DM) and 
sainfoin (5598 mg N/kg DM). On averaged from 
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mixtures studied nitrogen in dry aboveground biomass 
(7540 mg N/kg DM) was found be higher by 10.7% as 
compared to pure grown crops (6810 mg N/kg DM) and 
amount of fixed nitrogen obtained from mixtures (95.64 
mg/kg DM) was by 15.2% higher as compared to pure 
grown forage legumes (81.79 mg/kg DM). 
Subterranean clover fixed the highest amount of 
nitrogen (89.53 mg/kg DM). 


REFERENCES 


AOAC 1990. Official Methods of Analysis (15" ed.). 
Association of Official Analytical Chemists, 
Arlington, Va. K. Herlich (ed.). Arlington, Va., 
USA. 

Asad, M.,A. Ahmad. T. Khaliq, S. Afghan, M.B. 
Anwer, N. Saleem, T. Hussianand A. Nawaz. 
2014. Impact of various irrigation levels on growth, 
yield and water use efficiency of wheat at variable 
temperatures. J. Glob. Innov. Agric. Soc. Sci. 2: 
163-168. DOI:10.17957/JGIASS/2.4.5 14. 

Atkins, B.T., J. Kegl and B. Levin. 1986. Explicit and 
implicit information in dictionaries. Lexicon 
Project Working Papers 12, Center for Cognitive 
Science, MIT, Cambridge, MA. 

Campillo, R., S. Urquiaga, P. Undurraga, I. Pino and R. 
Boddey. 2005. Strategies to optimize biological 
nitrogen fixation in legume/grass pastures in the 
southern region of Chile. Pl. and Soil. 273: 57-67. 

Carlsson, G. and K. Huss-Danell. 2003. Nitrogen 
fixation in perennial forage legumes in the field. Pl. 
and Soil. 253: 353-372. 

Carneiro, J. P. 1999. Avaliacgao de luzernas anuais em 
solos 4 cidos, Estudo do efeito de alguns factores 
com vista ao  melhoramento  deplantas. 
Doutoramento em Engenharia Agronomica. 
Univercidade Técnica de Lisboa. 

Chourkova, B. 2010. Study of introduced meadow 
grasses in mixtures with birdsfoot trefoil under the 
agro-ecological conditions of Troyan. Biotech. 
Anim. Husb. 26: 429-434. 

Chourkova, B. 2014. Productivity and Botanical 
Composition of a Mixed Sward of Birdsfoot 
Trefoil and Red Fescue Depending on the Term of 
Sowing and Proportion of Components. Int. J. 
Agri. Innov. Res. 3: 276-280. 

Datta, S., C.M. Kim, M. Pernas, N. Pires, H. Proust, T. 
Thomas, P. Vijayakumar and L. Dolan. 2011. Root 
hairs: development, growth and evolution at the 
plant-soil interface. Pl. & Soil. 346: 1-14. 

Demdoum, S., F. Munoz and I. Delgado. 2010. Forage 
production of a collection of sainfoin over a three 
year period. In: The contributions of grasslands to 
the conservation of Mediterranean biodiversity. 
Options Méditerr. 92:101-104. 


Sustainable yield 


Graham, P.H. 2008. Ecology of the root-nodule bacteria 
of legumes. In Dilworth M.J., James E.K., Sprent 
JI, Newton W.E. (eds). Nitrogen-fixing 
leguminous symbiosis. Springer, Dordecht, The 
Netherland, pp. 23-58. 

Hardarson, G. and G. Atkins. 2003. Optimizing 
biological N» fixation by legumes in farming 
system. Pl. & Soil. 252 : 41-54. 

Hggh-Jensen, H. and J.K. Schjgrring. 1994. 
Measurement of biological dinitrogen fixation in 
grassland: comparison of the enriched '°N dilution 
and the natural '5N abundance methods at different 
nitrogen application rates and _ defoliation 
frequencies. Pl. & Soil. 166: 153-163. 

Hume, L. 1985. An investigation into the efficiency of 
nitrogen fixation in sainfoin (Onobrychis viciifolia 
Skop). In: Proceedings of the New Zealand 
Grassland Association. Abstract thesis, Massey 
University, 46, pp. 239. 

Hume, L. J., N. J Withers and D.A. Rhoades. 1985. 
Nitrogen fixation in sainfoin (Onobrychis 
viciifolia) 2. Effectiveness of the nitrogen-fixing 
system. New Zeal. J. Agri. Res. 28: 337-348. 

Tlieva A. and V. Vasileva. 2011. Study on nodulation 
and nitrate reductase activity in some mixtures. 
JMAB. 14: 513-530. 

Tlieva, A., V. Vasileva and A. Katova. 2015. The effect 
of mixed planting of birdsfoot trefoil, sainfoin, 
subterranean clover, and tall fescue on nodulation, 
and nitrate reductase activity in shoots. J. Glol 
Agri. & Ecol. 3: 222-228. 

Khan, R. M, Subhanullah, Z. Hussain and Z. 
Muhammad. 2015. Influence of Sulphur and 
Nitrogen on growth, yield and quality of wheat 
crop grown in Peshawar region of Pakistan. J. 
Glob. Innov. Agric. Soc. Sci. 3: 124-129. DOL: 
10.17957/JGIASS/3.4.720. 

Kusvuran, A., Y. Ralice and T. Saglamtimur. 2014. 
Determining the Biomass Production Capacities of 
Certain Forage Grasses and Legumes and their 
Mixtures under Mediterranean Regional 
Conditions. Acta. Adv. Agric. Sci. 2:13-24. 

Ledgard, S. F. and K. W. Steele. 1992. Biological 
nitrogen fixation in mixed legume/grass pastures. J 
Pl. & Soil. 141: 137-153. 

Leliévre, F. and F. Volaire. 2009. Current and Potential 
Development of Perennial Grasses in Rainfed 
Mediterranean Farming Systems. Crop Sci. 49: 
2371-2378. 

Luscher, A., I. Mueller-Harvey, J.F. Soussana, R.M. 
Rees and J.L. Peyraud. 2014. Potential of legume- 
based grassland-livestock systems in Europe: a 
review. Grass and Forage Sci. 69: 206-228. 

Mahapatra, S. C. 2011. Study of grass-legume 
intercropping system in term of competition 
indices and monetary advantage index under acid 


lateritic soil of India. Am. J. Exp. Agric. 1: 1-6. 


Mihovski, Ts. and G. Goranova. 2007. Western 
European Varieties of White Clover (Trifolium 
repens L.) under Condition of Bulgaria. J. Balkan 
Ecol. 10: 407-410. 

Mihovski Ts. and M. Sabeva. 2011. New technological 
approaches to establishment of mixed stand of 
white clover and perennial ryegrass. JMAB, 14: 
541-547. 

Naydenova, G., Ts. Hristova and Y. Aleksiev. 2013. 
Objectives and approaches in the breeding of 
perennial legumes for use in temporary 
pasturelands. Biotech. Anim. Husb. 29: 233-250. 

Naydenova, Y. and V. Vasileva. 2015. Forage quality 
analysis of perennial legumes - subterranean clover 
mixtures. Sci. Int. 3: 113-120. 

Nichols, P.G.H., C.K. Revell, A. W. Humphries, J.H. 
Howie, E. J. Hall, G.A. Sandral, K. Ghamkhar and 
C.A. Harris. 2012. Temperate pasture legumes in 
Australia - their history, current use and future 
prospects. Crop and Pasture Sci. 63: 691-725. 

Nyfeler D., O. Huguenin-Elie, E. Frossard and A. 
Luscher. 2005. Symbiotic nitrogen fixation during 
the first year of the COST 852 common experiment 
in Switzerland. Workshop on Sward dynamics, N- 
flows and forage utilisation in legume-based 
systems, November 10-12, 2005 Grado (Italy) 
COST Action. 852: 275-278. 

Nyfeler, D., O. Huguenin-Elie, E. Frossard and A. 
Luscher. 2006. Regulation of symbiotic nitrogen 
fixation in grass-clover mixtures. In: Sustainable 
Grassland Productivity. Lloveras J., Gonzales- 
Rodriguez A., Vazquez-Yafiez O., Pifieiro J., 
Santamaria O., Olea L. and Poblaciones M. J. 
(Eds.). Proceedings of the 21“ General Meeting of 
the European Grassland Federation, Badajoz, 3-6 
April, 2006. Grassland Sci. in Europe. 11: 246-248. 

Peeters, A., G. Parente and A. Gall. 2006. Temperate 
legumes: key-species for sustainable temperate 
mixtures. In: Sustainable Grassland Productivity. 
Lloveras J., Gonzales-Rodriguez A., Vazquez- 
Yafiez O., Pifieiro J., Santamaria O., Olea L. and 
Poblaciones M. J. (Eds.). Proceedings of the 21* 
General Meeting of the European Grassland 
Federation, Badajoz, 3-6 April, 2006. Grassland 
Sci. in Europe, 11: 205-220. 

Piano, E., L. Pecetti and A.M. Carroni. 1996. Climatic 
adaptation in subterranean clover populations. 
Euphytica. 92: 39-44. 

Porqueddu, C., G. Parente ad M. Elsaesser. 2003. 
Potential of grasslands. In: A. Kirilov, N. Todorov 
& I. Katerov (eds.). Grassland Sci. in Europe, 8: 
11-20. 

Prosser, J., J. Ignacio Rangel-Castro and K. Killham. 

2006. Studying plant-microbe interactions using 


Vasileva & Ilieva 


stable isotope technologies. Current Opinion in 
Biotech. 17: 98-102. 

Provorov, N. and I. Tickhonovich. 2003. Genetic 
Resources for improving nitrogen fixation in 
legume-rhizobia symbiosis. Genetic Res. & 
Crop Evolu. 50: 89-99 (in Russian). 

Shakirov. Z.S., S.A. Khakimov, K.F. Shomurodov and 
B.R. Umarov. 2010. Nodulation in Onobrychis 
Perennial Legume Plants. American J. Plant Sci. 
1: 119-130. 

Singh, R.P., S.K. Das, Rao BUM and N.M. Reddy. 
1990. Towards sustainable dryland agricultural 
practices. Central Research Institute Dryland 
Agriculture, Hyderabad, India. 106 p. 

SPSS 2012. SPSS Version 20.0. SPSS Inc., 233 S. 
Wacker Drive, Chicago, Illinois. 

Sullivan, D.M. and N.D. Andrews. 2012. Estimating 
Plant-Available Nitrogen Release from Cover 
Crops. Pacific Northwest Extension Bulletin 
636. Oregon State University, Corvallis, OR. 

Vasilev, E., V. Vasileva, Tz Mihovsky and G. 
Goranova. 2005. Assessment of legume based 
mixture swards constrained by _ the 


61 


environmental conditions in Central North 
Bulgaria - COST Action 852. In: Wachendorf 
M., Helgadottir A., Parente G. (eds.). Sward 
dynamics, N-flows and forage utilisation in 
legume-based systems. Proceedings of the 2"4 
COST 852 workshop held in Grado, Italy 10-12 
November 2005, 177-180. 

Vasilev, E. 2006. Productivity of subterranean clover 
(Tr. subterraneum L.) in pasture mixtures with 
some perennial grasses for the conditions of 
Central North Bulgaria. Pl. Sci. 4: 149-152. (In 
Bulgarian). 

Vasileva, V. and E. Vasilev. 2012. Study on 
Productivity of some Legume Crops in Pure 
Cultivation and Mixtures. Agri. Consp. Sci. 77: 
91-94. 

Vasileva, V., E. Vasilev E. and M. Athar. 2011. 
Nodulation and root establishment of two clover 


species grown in pasture mixtures’ with 
wheatgrass. J. Bio. 1: 1-4. 
Vuckovic, S. M. 2004. Travnjaci. Poljoprivredni 


fakultet Univerzitet, ISBN868073375X, 506 p. 


